Introduction
The liver peptide hepcidin is the key regulator of systemic iron homeostasis 1 since it determines the level of circulating iron controlling intestinal iron absorption and macrophage iron recycling. Hemojuvelin (HJV) is a recently recognized protein that plays a crucial role in the regulation of hepcidin. The HJV gene, encoding HJV, is the gene of 1q-linked juvenile hemochromatosis, a recessive disease that leads to severe iron overload of early onset (hemochromatosis type 2A, OMIM no. 602390). 2 Patients with mutated HJV as well as Hjv Ϫ/Ϫ mice 3, 4 have low/absent hepcidin levels, indicating that HJV modulates hepcidin. HJV is expressed in liver, skeletal muscle, and heart 2 and belongs to the family of repulsive guidance molecules (RGMs), expressed mainly in the central nervous system. 5, 6 As are the other RGM proteins, HJV is characterized by a signal peptide, a RGD motif, a partial von Willebrand factor type D domain, and a glycosilphosphatidylinositol (GPI)-anchor domain. 2 HJV undergoes a partial autocatalytic cleavage 7 to reach the plasma membrane (m-HJV) as a cleaved heterodimer. 8, 9 Recently, it was shown that HJV is a coreceptor for bone morphogenetic proteins (BMPs) and that hepcidin regulation occurs via the BMP/SMAD pathway. 10, 11 BMP2 and BMP4 signaling is dependent on diferric transferrin, thus establishing a link between HJV-BMP and iron. 12 HJV exists in 2 forms: a membrane-bound (m-HJV) and a soluble one (s-HJV), which in vitro reciprocally regulate hepcidin expression in response to opposite iron changes. 7 s-HJV is able to interfere with and to block the signaling of BMP2 and BMP4 both in vitro 12 and in vivo. 13 We have previously documented the relevance of m-HJV in the molecular pathogenesis of juvenile hemochromatosis, providing evidence that at least some of the mutants identified as causal in patients are less efficiently targeted to the plasma membrane, compared with the wild-type protein. 9 Generation of s-HJV appears to be a regulated process decreased by iron treatment and diferric transferrin. 7 During our previous study, we have confirmed that this regulation is maintained in mutants, strengthening that s-HJV, suppressed by iron overload, is not involved in the disease pathogenesis. 9 We have also suggested that s-HJV does not derive from shedding of m-HJV, since its release in the medium is observed even in mutants that barely reach the plasma membrane. The discrepancy between the presence of m-HJV and the production of s-HJV is also well exemplified by the efficient secretion of soluble forms from variants unable to reach the plasma membrane because they were truncated at the GPI addition site. 8, 9 On these bases and because isolated membranes do not release s-HJV, 9 we proposed that the soluble form results from cell secretion.
In this paper, we demonstrate that s-HJV is the product of a furin cleavage at the C-terminus of the protein that occurs mainly in the endoplasmic reticulum (ER) and is up-regulated in conditions of iron deficiency/hypoxia.
Methods

Generation of wild-type and HJV variants
The whole HJV open reading frame was amplified from human cDNA and modified to introduce a cMYC tag, as described, 9 to obtain the pcDNA3.1-HJV construct ( Figure 1A ). To generate the HJV R335Q variant, pcDNA3.1-HJV was mutagenized using the QuickChange site-directed mutagenesis kit (Stratagene, La Jolla, CA), according to the manufacturer's protocol and The online version of this article contains a data supplement.
The publication costs of this article were defrayed in part by page charge payment. Therefore, and solely to indicate this fact, this article is hereby marked ''advertisement'' in accordance with 18 USC section 1734. using the following oligonucleotides: 5Ј-atcagagcgcaatcgtcagggagctataaccattg-3Ј (sense); 5Ј-caatggttatagctccctgacgattgcgctctgat-3Ј (antisense) (HJV R335Q , Figure 1A ). To prepare the ER-retained variant, the HJV cDNA (truncated by 84 nucleotides at the 3Ј end) was amplified from pcDNA3.1-HJV to introduce the KDEL motif, an ER-retention signal, 15 instead of the GPI anchor by using the following oligonucleotides: 5Ј-cccaagcttatgggggagccaggccagtcc-3Ј (sense, HindIII tail) and 5Ј-ggaattcCTATAATTCATCTTTtgaggggaagagatgcagcttctc-3Ј (antisense, EcoRI tail; in uppercase: KDEL plus the stop codon). The amplification product was then cloned into the HindIII and EcoRI sites of pcDNA3.1(ϩ) (Invitrogen, Carlsbad, CA) to make the pcDNA3.1-HJV-KDEL construct (HJV KDEL , Figure 1A ). To introduce the W191C substitution, HJV-KDEL was mutagenized to obtain the W191C-KDEL construct (W191C KDEL ), using the QuickChange site-directed mutagenesis kit and the following oligonucleotides: 5Ј-gccgtgtccaaggagcttgccctctactggataatgac-3Ј (sense); 5Ј-gtcattatccagtagagggcaagctccttggacacggc-3Ј (antisense). Cloning and mutagenesis products were verified by sequencing.
Generation of furin expression vectors
The whole FUR open reading frame was amplified from human cDNA using the following oligonucleotides: 5Ј-ggaattccccatggagctgaggccctggttg-3Ј (sense, EcoRI tail) and 5Ј-gctctagatcagagggcgctctggtctttg-3Ј (antisense, XbaI tail), and cloned into the EcoRI and XbaI sites of pcDNA3.1(ϩ) (Invitrogen) to make the pcDNA3.1-FUR construct (furin). To generate the FUR W547R inactive variant, 16 pcDNA3.1-FUR was mutagenized using the QuickChange site-directed mutagenesis kit (Stratagene), according to the manufacturer's protocol and using the following oligonucleotides: 5Ј-gatccctctggcgagcgggtcctagagattg-3Ј (sense); 5Ј-caatctctaggacccgctcgccagagggatc-3Ј (antisense) (furin W547R ). Cloning and mutagenesis products were verified by sequencing.
Antibodies
To generate rabbit polyclonal antisera directed against HJV, the recombinant GST fusion protein (see Silvestri et al for details) 9 was produced in E coli, purified according to standard procedures, and used to immunize rabbits (Primm, Milan, Italy). Anti-HIF-1␣ and anti-furin were from Santa Cruz Biotechnology (Santa Cruz, CA); anti-␣-tubulin and anti-cMYC were from Invitrogen and Novus Biological (Littleton, CO), respectively. Antimyosin heavy chain (MyHC) was from Developmental Studies Hybridoma Bank (DSHB; University of Iowa, Iowa City).
Cell cultures and reagents
Cell-culture media and reagents were from Invitrogen and from SigmaAldrich (St Louis, MO). HeLa and HepG2 cells were cultured in Dulbecco modified Eagle medium (DMEM) supplemented with 2 mM L-glutamine, 200 U/mL penicillin, 200 mg/mL streptomycin, 1 mM sodium pyruvate, and 10% heat-inactivated fetal bovine serum (FBS) at 37°C in 95% humidifier air and 5% CO 2 . The C2C12 mouse myoblast cell line was cultured in DMEM 10% FBS under standard conditions. To generate myotubes, 80% confluent cells were shifted to differentiation medium (DMEM supplemented with 2% horse serum) and were maintained for 3 days. Differentiation was determined by morphologic changes and by the myosin heavy chain (MyHC) induction.
Western blot analysis
Cells were seeded in 100-mm-diameter dishes until 70% to 80% of confluence was reached. HeLa and HepG2 were transfected with 20 g plasmid DNA and 50 L Lipofectamine 2000 (Invitrogen), according to the manufacturer's instructions. After 18 hours the medium was replaced; cells were collected after 24 hours and lysed in radioimmunoprecipitation assay (RIPA) buffer.
Proteins were quantified using the Bio-Rad Protein Assay (Bio-Rad, Hercules, CA); samples (50 g) were subjected to 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to Hybond C membrane (Amersham Biosciences Europe, Freiburg, Germany) by standard Western blotting technique. Blots were incubated with the primary antisera at dilutions recommended by the manufacturer. Anti-HJV and anti-␣-tubulin were used at 1:1000. Anti-HIF-1␣ and anti-furin were used at 1:200. After washing with TBS (0.5 M Tris-HCl [pH 7.4] and 0.15 M NaCl) containing 0.1% Tween-20, blots were incubated with relevant HRP-conjugated secondary antisera and developed using a chemiluminescence detection kit (enhanced chemiluminescence [ECL]; Amersham Biosciences Europe).
Analysis of soluble HJV
HeLa and HepG2 were transiently transfected as described in "Western blot analysis" and media replaced after 18 hours. Both transfected cells and murine myoblasts/myotubes were incubated with serum-free media, which were collected, concentrated using 5 kDa molecular weight (MW) cutoff ultrafiltration (Amicon Ultra; Millipore, Billerica, MA), and analyzed by SDS-PAGE. When indicated, 300 M of the iron-chelator deferoxamine (DFO), 100 M of the iron donor ferric ammonium citrate (FAC) plus 200 M of ascorbate, 50 M of the furin inhibitor decanoyl-Arg-Val-LysArg-chloromethylketone (CMK; Alexis Biochemicals, San Diego, CA), or 500 M cobalt chloride (CoCl 2 ) was added to the cell culture.
For the analysis of furin overexpression, HeLa cells were transiently transfected with HJV cDNA in the presence of FUR cDNA (furin) or FUR W547R (furin W547R ) variant. The total amount of DNA was maintained by For personal use at PENN STATE UNIVERSITY on February 21, 2013. bloodjournal.hematologylibrary.org From cotransfection with the empty vector pcDNA3.1. Cells and media were then processed and analyzed.
Luciferase assay for furin promoter activity
HeLa cells were transiently transfected with Lipofectamine 2000 using the FUR promoter construct, pGL2-P1 (generously provided by Prof Claire Dubois, Immunology and Pulmonary Division, Faculty of Medicine, University of Sherbrooke, Sherbrooke, QC), 17 or the empty vector pGL2, together with the pRL-CMV vector, which was used as an internal control of transfections. After 12 hours, cells were incubated in serum-free media in the presence of CoCl 2 (500 M), DFO (300-600 M), and FAC (100-300 M plus 200 M of ascorbate) for 6 hours. Cells were then lysed and analyzed for luciferase expression using the Dual Luciferase Reportes assay (Promega, Milan, Italy), according to the manufacturer's instructions. Values were normalized for transfection efficiency. The Student t test was used for statistical calculation.
Cell surface expression of HJV
Quantification of cell surface expression of HJV was performed as described, 9 with minor modifications. In brief, 10 4 HeLa or HepG2 cells were seeded in 48-well plates and transfected with 0.4 g plasmid DNA complexed with 1 L Lipofectamine 2000, according to the manufacturer's instructions. After 12 hours, the medium was replaced, and 24 hours later cells were fixed with 4% paraformaldehyde for 45 minutes at room temperature. Cells were washed with PBS, blocked with 5% nonfat milk in PBS, incubated with anti-HJV (1:1000) and then with the relative secondary HRP antibody, at 37°C. Since the rabbit anti-HJV antibody was not previously used for this purpose, the antibody was first tested in immunofluorescence ( Figure S1 , available on the Blood website; see the Supplemental Materials link at the top of the online article). For total HJV expression, cells were permeabilized with 0.1% Triton X-100 in PBS, prior to blocking and incubation with anti-HJV. Peroxidase activity was measured with an HSR substrate (o-phenylenediamine dihydrochloride), according to the manufacturer's instructions. The amount of m-HJV was calculated as the ratio between the absorbance of unpermeabilized and permeabilized cells. Background absorbance was subtracted for each sample. The Student t test was used for statistical calculation.
EM and morphometric analysis
HeLa cells were transiently transfected with Lipofectamine 2000 using pcDNA3.1-HJV (HJV) and pcDNA-HJVKDEL (HJV KDEL ) constructs. After 18 hours, cells were fixed, labeled with a polyclonal goat anti-MYC using the gold-enhance protocol, embedded in Epon-812, and cut as described. 18 Immunoelectron microscopy (EM) images were acquired from thin sections under a Philips Tecnai-12 electron microscope (Philips, Eindhoven, the Netherlands) using an ULTRA VIEW CCD digital camera (Philips). Thin sections were also used to quantify gold particles residing within different compartments of the secretory pathway.
Results
A specific furin cleavage site of HJV
In the hypothesis that the mechanism generating s-HJV is a proteolytic event at the C-terminal part of the protein, we analyzed the HJV sequence using different bioinformatic approaches to search for proteasespecific moieties. ELM (http://elm.eu.org) 19 and ProP 1.0 (http:// www.cbs.dtu.dk) 20 algorithms predicted the existence of a furin consensus cleavage site (R 332 NRR 335 2) at position 335, which is conserved among human, mouse ( Figure 1A) , and rat. The furin cleavage site is present also in zebrafish HJV, although at different position. The motif is absent in RGMa and RGMb ( Figure 1A) , the 2 proteins highly homologous to HJV. Interestingly, RGMa and RGMb do not release a soluble protein, and indeed the algorithms do not identify a furin consensus sequence, suggesting that the furin motif is characteristic of HJV. The same site was recently identified by a different approach by Lin et al. 21 
Furin is responsible for soluble HJV production
To understand whether the furin consensus cleavage site is involved in the generation of s-HJV, we mutagenized the HJV cDNA, changing arginine 335 to glutamine ( Figure 1B) . The amino acidic substitution abrogates the furin consensus sequence recognized by ELM and ProP 1.0 algorithms. In addition, HeLa cells, transfected with the wild-type form of HJV, were treated with decanoyl-Arg-Val-Lys-Arg-chloromethylketone (CMK) to inhibit the endogenous furin activity, and cell culture supernatants were concentrated and analyzed using anti-HJV. This antibody recognizes 2 species: a major one of approximately 42 kDa and a minor one of approximately 33 kDa. 9 The 42-kDa species migrates as a doublet (Figure 2A (Figure 2A arrow) , and also the plasma membrane presentation was similarly maintained ( Figure 2B ). These observations were successfully replicated in HepG2, confirming that furin cleavage is a common mechanism for the generation of s-HJV ( Figure 2C ). From these results, we conclude that both the integrity of the furin consensus cleavage site of HJV and the activity of the endogenous furin are necessary to release s-HJV. Overexpression of FUR cDNA in the presence of HJV strongly increased the amount of soluble species (both 42 and 33 kDa) released in the media and recognized by anti-HJV. The relevance of the endogenous furin activity is strengthened by the decrease of s-HJV when the inactive furin variant W547R 16 was overexpressed ( Figure 2D ).
Iron and hypoxia control s-HJV production through the modulation of furin
It has been previously shown that iron overload reduces s-HJV production. 7, 9 Since furin is responsible for the proteolytic event that causes s-HJV release, we hypothesized that the furin level is modulated by iron. To this aim, transiently transfected cells were incubated for 8 hours in serum-free media, in the presence of the iron chelator deferoxamine (DFO). At this time point, DFO does not induce apoptosis in HeLa cells ( Figure S2 ). The treatment induces iron depletion, as shown by the decreased levels of endogenous ferritin H (FTH) ( Figure S3A ) and stimulates s-HJV production in HeLa ( Figure 3A ). In the presence of DFO, furin increases ( Figure 3A) , suggesting that the augmented s-HJV level is due to the proconvertase up-regulation. It has been recently shown that furin is induced by hypoxia-inducible factor-1␣ (HIF-1␣) 17 and that HIF-1␣ is stabilized by hypoxia and iron depletion. 22, 23 During DFO treatment, the HIF-1␣ level increases and the FUR promoter is activated in a concentration-dependent manner ( Figure 3A) , indicating that the DFO-treated cells modulate s-HJV production through the stabilization of HIF-1␣ and the consequent induction of furin. The s-HJV increase by DFO was demonstrated also in HepG2 cells ( Figure S4 ).
To further prove that the DFO-dependent s-HJV production is related to the HIF-1␣-furin pathway, we treated cells with both DFO, to stabilize HIF-1␣, and CMK, to inhibit furin activity. As shown in Figure 3B , CMK blocks s-HJV release, even in the only.
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The regulatory mechanism linking HIF-1␣ and furin regulation to s-HJV production was tested during hypoxia. Transfected cells were treated for 24 hours with the chemical hypoxia inducer cobalt chloride (CoCl 2 ). The induction of hypoxia was demonstrated by the increase in HIF-1␣ level ( Figure S5 ), and the lowest effective CoCl 2 concentration was used for functional analyses. As shown in Figure 3C , after CoCl 2 incubation, both s-HJV and furin protein levels are up-regulated, and the FUR promoter activity is increased. The effect is mediated by the HIF-1␣ stabilization and is not due to changes in the intracellular iron concentration, as shown by the unmodified levels of FTH ( Figure S3B ). 
org From
In contrast to that observed in iron deficiency and hypoxia, iron (FAC) addition for 24 hours induces increased FTH concentration ( Figure S3C ) and strongly down-regulates s-HJV and furin protein levels. Accordingly, the FUR promoter activity decreases in a dose-dependent fashion, whereas no changes in the HIF-1␣ levels are observed ( Figure 3C ).
Modulation of soluble HJV production in muscle cells
HJV is highly expressed in the liver, heart, and skeletal muscle. Endogenous production of HJV has been demonstrated to be a sustained event during skeletal muscle differentiation in culture. 8 We differentiated murine C2C12 myoblasts and analyzed the induction of endogenous Hjv and its release in the culture media. After 72 hours of growth in differentiation medium, myoblasts morphologically change to myotubes ( Figure 4A ) and express the myosin heavy chain ( Figure 4B ). In addition, differentiated cells show high levels of both soluble and cell-associated Hjv, furin, and Hif-1␣ ( Figure 4B) . To detect Hjv, we used the same antibody raised against the human protein, which also recognizes the mouse counterpart. The protein is present in the myotube cellular lysates as a band of approximately 45 kDa, corresponding to the cell-associated murine Hjv, and in the culture media as a doublet at approximately 40 kDa, corresponding to s-Hjv. Addition of DFO had no significant effect on s-Hjv, furin, and Hif-1␣ protein levels (data not shown), likely because of their high basal level of expression. We conclude that even in cells expressing endogenous Hjv, the production of s-Hjv is consistent with the increased Hif-1␣ and furin levels.
Cleavage of HJV by furin takes place in the ER
Some plasma membrane defective HJV mutants, highly retained in the ER, produce large amounts of the 42-kDa s-HJV, 9 raising the possibility that it originates from an intracellular proteolytic activity. To demonstrate that this s-HJV species is produced by an intracellular furin, we generated a chimeric HJV variant, substituting a KDEL sequence (which is a well-characterized ER/early Golgi-retention signal) 15 to the natural GPI-anchor motif ( Figure  1B) . The HJV KDEL protein does not reach the plasma membrane ( Figure 5A ), as demonstrated by the binding assay, and is highly retained into the ER, as shown by the EM and morphometric analysis ( Figure 5B-C) . The subcellular localization of the HJV K -DEL resembles that observed for the ER-retained HJV mutants. 9 The chimeric variant conserved the ability to release its soluble 42-kDa form in the culture media ( Figure 5D ). The efficiency of s-HJV production from HJV KDEL was slightly reduced compared with the wild type, and other bands of lower molecular weight were released (data not shown), suggesting that the proper processing of HJV may be altered when it is artificially retained into a nonnatural compartment. Nevertheless, in the presence of CMK, the 42-kDa s-HJV from HJV KDEL was undetectable, confirming that this species is generated through a furin-dependent mechanism. Since HJV KDEL is almost completely retained into the ER, we conclude that the furin-dependent cleavage of HJV to produce the 42-kDa soluble form occurs mainly in this intracellular subcompartment.
Autoproteolysis occurs in the ER
HJV is processed by autoproteolysis at the Asp-Pro site at position 172 7, 24 giving origin to a 33-kDa protein. This mechanism is activated at acidic pH, likely in the late secretory pathway. 9, 24 However, when we analyzed the cell-associated HJV KDEL , in addition to the full length we observed a cleaved band of approximately 30 kDa (Figure 5E ), which was absent in the autoproteolytically defective variant W191C KDEL , suggesting that also the autoproteolytic processing occurs in the ER. Interestingly, the 30-kDa species from HJV KDEL migrates as a sharp band, whereas the autoproteolytic species from wild-type HJV ( Figure  2A ) migrates as a broad band, likely because of a complex glycosylated status due to the Golgi maturation of the wild-type proteolytic species. Phase-contrast microscopy was performed with a Leica DM IRB microscope, 20ϫ/0.30 NA objective, and images were acquired with a Leica DC 300 FX camera and Leica IM50 software (Leica Microsystems, Wetzlar, Germany). (B) After incubation in serum-free media, media and total lysates from undifferentiated (U) and differentiated (D) cells were loaded onto a 10% SDS-PAGE, blotted, and analyzed by anti-HJV, anti-furin, anti-HIF-1␣, and anti-myosin heavy chain (MyHC). ␣-Tubulin was used to verify equal loading.
Discussion
Several missense mutations affecting conserved residues of the HJV protein have been described in juvenile hemochromatosis. 2, 25 To further characterize the conserved motifs important for the protein function, we analyzed the protein sequence using different algorithms. Interestingly, this search identified a proprotein convertase furin cleavage site, RNRR, at positions 332-335. The same site was recently reported and the purified soluble protein originating from this cleavage characterized by mass spectrometry. 21 Comparison of the HJV sequence in the evolution revealed that the motif is highly conserved, being invariable in human, mouse, rat, and zebrafish. Although the 5Ј and 3Ј regions encompassing the furin cleavage motif show a high degree of conservation between all RGMs, the furin motif is not present in RGMa and RGMb, which are not characterized by the production of soluble proteins. This finding was of potential interest for HJV maturation and processing. The size of the protein expected to derive from the furin cleavage is approximately 42 kDa, compatible with the size of the glycosylated s-HJV released by cultured cells, 7, 9 raising the possibility that furin is implicated in its production. To confirm this hypothesis, we first mutagenized the cleavage site of HJV changing arginine 335 to glutamine, next we studied cells treated with a furin-specific inhibitor, and finally we analyzed HJV production after cotransfection of FUR and HJV. The R335Q mutant, transiently expressed in HeLa and HepG2 cells, was cleaved at the autoproteolytic site and fully targeted to the plasma membrane, but its ability to generate s-HJV was severely hampered. Treating the same cells transfected with wild-type HJV with the furin inhibitor caused a drastic reduction of s-HJV production, comparable with the trace amounts released by the cleavage mutant R335Q. Cotransfection of FUR and HJV resulted in the release of very large amounts of s-HJV species of both 42 and 33 kDa. All these results demonstrate the essential role of furin in producing s-HJV. The crucial role of furin is further confirmed by the overexpression of the inactive furin variant W547R, 16 which significantly reduced s-HJV release.
Since the production of s-HJV is increased in vivo during iron deficiency, 26 we analyzed the furin expression after modulation of cellular iron status. As previously reported, iron addition suppressed s-HJV production, 7, 9 but reduced also the amount of furin protein. On the contrary, iron depletion increased both s-HJV and furin. These effects were due to a modulation of the FUR promoter activity during changes of the intracellular iron concentration. We cannot exclude that iron directly controls furin RNA level, but we were unable to identify canonical iron-responsive elements (IREs) in FUR RNA UTR (data not shown). Furin promoter possesses hypoxia-responsive elements (HREs) binding sites for hypoxia-inducible factor-1 (HIF-1) transcription complex, and the levels of FUR mRNA are remarkably increased by hypoxia. 17 The enzyme propyl hydroxylase, which targets the subunit HIF-1␣ to ubiquitination and proteasome degradation, is iron dependent: for this reason, iron chelation results in HIF-1␣ stabilization. 27 Since HIF-1␣ is increased by DFO and CoCl 2 treatments, we conclude that in our experimental model both iron deficiency and hypoxia modulate furin via HIF-1␣. The furin down-regulation observed in iron overload without evident changes of HIF-1␣ levels suggests the existence of other regulatory mechanisms.
Activation of s-HJV through HIF-1␣ is in agreement with the increased s-HJV observed during the differentiation of murine myoblasts to myotubes. Indeed, it has been reported that HIF-1␣ increases during muscle cell differentiation. 28 The HIF-furin-induced s-HJV release, observed in transfected cells, might be a physiologic mechanism that takes place in cells expressing endogenous HJV. Differentiating muscle cells require iron for the synthesis of myoglobin, which is estimated to contain approximately 10% to 15% of the total body iron and is an important tool for oxygen storage and release. 29, 30 Increased HIF-1␣ has been reported during strenuous physical activity. 31, 32 The release of s-HJV to suppress hepcidin could be a signal to meet the increased iron requests for myoglobin synthesis, during both differentiation and hypoxia caused by physical activity 29, 30 in order to preserve muscle oxygen homeostasis.
The cellular origin of s-HJV remains controversial. It is possible that some s-HJV is shedded from m-HJV 8,21 as a 33-kDa band, since we observed this species in culture media of cells expressing wild-type HJV and membrane-competent mutants, but not in variants unable to reach the plasma membrane. 9 Moreover, we observed a relevant increase of the 33-kDa species after furin overexpression. Although we cannot exclude that this occurs in vivo, in our cellular model 42-kDa s-HJV formation is not membrane dependent. Some ER-retained HJV mutants release the For personal use at PENN STATE UNIVERSITY on February 21, 2013. bloodjournal.hematologylibrary.org From
